A volume-sensitive protein kinase regulates the Na-K-2Cl cotransporter in duck red blood cells.
When Na-K-2Cl cotransport is activated in duck red blood cells by either osmotic cell shrinkage, norepinephrine, fluoride, or calyculin A, phosphorylation of the transporter occurs at a common set of serine/threonine sites. To examine the kinetics and regulation of the activating kinase, phosphatase activity was inhibited abruptly with calyculin A and the subsequent changes in transporter phosphorylation and activity were determined. Increases in fractional incorporation of 32P into the transporter and uptake of 86Rb by the cells were closely correlated, suggesting that the phosphorylation event is rate determining in the activation process. Observed in this manner, the activating kinase was 1) stimulated by cell shrinkage, 2) inhibited by cell swelling, staurosporine, or N-ethylmaleimide, and 3) unaffected by norepinephrine or fluoride. The inhibitory effect of swelling on kinase activity was progressively relieved by calyculin A, suggesting that the kinase itself is switched on by phosphorylation. The kinetics of activation by calyculin A conformed to an autocatalytic model in which the volume-sensitive kinase is stimulated by a product of its own reaction (e.g., via autophosphorylation).